O due both to increases in salinity and decreases in sea surface temperature occurred at least six times over the last 6,000 years ($6,000 -5,000, 4,500 -4,200, 3,800 -3,200 , 3,000 -2,800, 2,200 -2,000, and 1200 -800 cal yrs. B.P.). The initial d
18 O increase centered at 5,500 years ago is coincident with the development of arid conditions in the Caribbean region and the end of the ''African humid period'' indicating a global drying of the northern tropics at this time. Synchronous with the aridification of the Caribbean region are the onset of wetter conditions in the South American Altiplano and the reoccupation of this region by humans. This combination of contrasting climate conditions is attributed to a southward displacement of the InterTropical Convergence Zone (ITCZ) that would have resulted in decreased precipitation and increased trade wind intensity in the Caribbean region and increased rainfall over the Altiplano.
Introduction
[2] It is well established that the Holocene has not been a period of uniformly warm climate conditions [Keigwin, 1996; Bond et al., 1997; deMenocal et al., 2000; Thompson et al., 2002; Friddell et al., 2003] . In high latitudes, the early to middle Holocene appears to have been warmer than the last 5,000 years, while the opposite trend seems to have been true at low latitudes [Rimbu et al., 2003] . Additionally, the entire 10,000 year period has been punctuated by millennial-scale cooling events [Alley et al., 1997; Bond et al., 1999] . In the Caribbean region, the wet conditions that persisted through the mid-Holocene [Hodell et al., 1991; Higuera-Gundy et al., 1999] were replaced by drier conditions during the late Holocene [Haug et al., 2001] . In this paper, we use high-resolution planktonic foraminiferal d
18 O records from a Cariaco Basin sediment core to reconstruct the climate history of the Caribbean region for the past 6,000 years. The Cariaco Basin, an anoxic basin located off the northern coast of Venezuela, provides an exceptional archive of both regional and global climate variations [Hughen et al., 1996; Black et al., 1999; Peterson et al., 2000; Haug et al., 2001] . The climatology of the Cariaco region is driven by the seasonal migration of the ITCZ (Figure 1 ). During boreal winter and spring, the ITCZ is in its most southerly position, rainfall is at a minimum and strong easterly winds cause intense upwelling along the Venezuelan coast. As the ITCZ migrates to the north during boreal summer, the trade winds diminish, upwelling ceases, and precipitation increases. As a result, the varved sediments accumulating in Cariaco Basin provide a record of climate variability of tropical-subtropical regions influenced by the trade winds. It also should be noted that these seasonal changes in ITCZ position have linkages to the South American monsoon [Hastenrath and Greischar, 1993; Zhou and Lau, 1998 ]. Specifically, when the ITCZ is in its most southerly position, a strong center of convection develops over the Amazon Basin, drawing in moist air from the Atlantic Ocean and resulting in high precipitation (Figure 1) . Thus, when the Cariaco Basin region or northern tropics are dry, the southern tropical region of South America is wet, and vice versa.
Samples and Methods
[3] Gravity core CAR7-1 was collected in the Cariaco Basin at 10°40 0 N, 64°42 0 W and 366 meters water depth. It was sampled continuously at 0.5 cm intervals for d
18 O measurements of two species of planktonic foraminifers, Globigerinoides ruber (pink) and Neogloboqudrina dutertrei. Analyses were carried out using a VG Optima stable isotope ratio mass spectrometer and the data are reported in delta notation relative to the Vienna Pee Dee Belemnite. The long-term standard reproducibility for d
18 O based on replicate measurements is ±0.07%.
[4] The core chronology is based on radiocarbon ages determined by accelerator mass spectrometry on samples of Globigerina bulloides (Table 1) . The age calibration program, CALIB rev. 4.3 [Stuiver and Reimer, 1993] was used to convert conventional 14 C dates to calibrated calendar years (cal) using a 420-year reservoir correction for the Cariaco Basin [Hughen et al., 1998 ]. The top of the core is dated at 143 cal years B.P., while the base of the core has an age of 6167 cal years B.P. This time scale yields an average sedimentation rate of $37.5 cm kyr À1 and an average sample spacing of $13 years.
Oxygen Isotope Records
[5] Globigerinoides ruber is a subtropical-tropical species that lives in the surface mixed layer [Deuser, 1987] .
Data from Cariaco Basin sediment trap samples indicate that the average annual d
18
O of G. ruber (pink) is not weighted toward a particular season but rather reflects mean annual surface ocean conditions [Tedesco, 2002] . The preferred habitat of N. dutertrei is a well-stratified photic zone where it lives within the thermocline close to the chlorophyll maximum [Fairbanks et al., 1982] . The d
O values of N. dutertrei from Cariaco Basin sediment trap samples range between 0 and À0.75% annually ($20 -23.5°C), with low values during late summer-fall and high values during spring upwelling [Tedesco, 2002] . Although the depth of calcification varies throughout the year, the d
18 O values remain fairly constant indicating that N. dutertrei calcifies over a narrow range of temperatures.
[6] The mid to late Holocene Cariaco Basin oxygen isotope records are primarily a function of local temperature and salinity changes, since global changes in the isotopic composition of sea-water due to changes in ice volume were insignificant during the last 6,000 years [Fairbanks, 1989; Schrag et al., 1996] . The modern annual salinity range in the Cariaco Basin is less than 1% (36.2-37%; MullerKarger et al., 2001) and is equivalent to an d 18 O change of less than 0.2% based on the present day salinity-d 18 O relationship for this region [Fairbanks et al., 1992] . However, past changes in salinity could have been considerably larger than this [Haug et al., 2001] and thus would have contributed significantly to the measured d 18 O variability. SST range from $22 to 29°C annually, with a modern mean annual value of 25 -26°C. The 7°C annual change is equivalent to a 1.5% change in d considerable high frequency (i.e. decadal) variability that is comparable to that previously observed in faunal records for the last millennium from the basin and attributed to the North Atlantic oscillation [Black et al., 1999] . However, the focus of this paper is on the century to millennial scale changes present in the d
O records. Using the modern relationship between upper ocean conditions in the Cariaco Basin and migration of the ITCZ as an analog for past climate change, we infer that increases in d
18 O values in the geologic record represent the combined effect of decreased SST, possibly due to increased upwelling, and higher salinities due to decreased precipitation associated with the southward displacement of the ITCZ. Similarly, past decreases in d
O are interpreted as a warming and freshening of surface water due to northward migration of the ITCZ, reduced upwelling and increased precipitation.
[8] Our record begins during the mid-Holocene climate optimum with G. ruber d
18 O values being their lowest and indicating that annual average SST were higher and surface salinities lower than at any other point during this period (Figure 2 ). This is indicative of an ITCZ in a very northerly position. The ensuing 6,000 years are marked by large, century to millennial-scale changes in d 18 O. In particular, large increases in d
18 O occurred at $6,000 to 5,000, 4,500 -4,200, 3,800 -3,500, 3,000 -2,800, 2,500 -2,200 and 1200 -800 cal yrs. B.P. The high d
O values recorded during these events are close to the present-day annual mean d
18 O for G. ruber (À1.35%) suggesting hydrographic conditions similar to today. d
18 O values are highest at about 3,500 cal yrs. B.P., a time when various paleoclimate records from the Caribbean indicate significantly drier conditions in the region [Higuera-Gundy et al., 1999; Haug et al., 2001] .
[9] The d 18 O record of N. dutertrei tends to be inversely related to that of G. ruber. The highest salinities and coolest temperatures are recorded from 6,000 to 5,000 cal yrs. B. P., followed by a long term warming and freshening trend (Figure 2) . However, most of the N. dutertrei d
O data fall within a narrow range (0.0 to À0.5%) indicating that conditions within the thermocline region did not deviate significantly from the present day average thermocline conditions. The largest increase in the N. dutertrei d
O record occurred from 3,500-3,000 cal yrs. B.P. and is coincident with the development of more arid conditions in the Caribbean region [Hodell et al., 1991; Haug et al., 2001] .
[10] Data for Cariaco Basin sediment trap samples show that the interspecies d
18 O difference (Ád 18 O) between G. ruber (pink) and N. dutertrei can be used to estimate the mean annual surface to thermocline temperature gradient [Tedesco, 2002] . The sediment record of Ád 18 O illustrates significant decreases at 3,500, 2,800 and 1,000 cal yrs. B.P. (Figure 2 ). The two events at $3,500 and 1,000 cal yrs. B.P. are also distinctive due to the presence of the planktononic foraminifer Globorotalia crassaformis, a species that is absent from our Cariaco Basin core for most of the mid to late Holocene [Tedesco, 2002] . Globorotalia crassaformis is a deep dwelling species that is most prolific when the thermocline is shallow [Ravelo and Andreason, 1999] and presently is one of the dominant species during upwelling in the Cariaco Basin [Tedesco and Thunell, 2003] . We interpret the reduced difference in d
O between the two species at $3,500 and 1,000 cal yrs. B.P., and the presence of G. crassaformis during these periods to be indicative of a shallow thermocline and intense upwelling. Over the last millennium, there has been a steady increase in Ád
O, signifying a decrease in upwelling intensity.
[11] The shifts we observe in upper ocean hydrography of the Cariaco Basin during the last 6,000 years are synchronous with events identified in other tropical paleoclimate records from both the Caribbean-South American region [Hodell et al., 1991; Higuera-Gundy et al., 1999; Haug et al., 2001] and Africa [deMenocal et al., 2000; Thompson et al., 2002] . Particularly pertinent to our study is the observation that conditions in the Cariaco region have become progressively drier since the mid-Holocene due to a southward migration of the ITCZ [Haug et al., 2001] . Specifically, the large increase in d
O in our record centered at 5,500 cal yrs coincides with an increase in metal concentrations in Cariaco Basin sediments, indicating the onset of drier conditions [Haug et al., 2001] . At this same time in tropical Africa, there was a shift to cooler temperatures that terminated the ''African Humid Period '' [deMenocal et al., 2000] . Similarly, the cooler and drier conditions that developed in Cariaco Basin from 3,800 to 3,500 cal yrs. B.P. (Figure 3 ) are also seen in the Kilimanjaro d
O record and mark the onset of the ''First Dark Age'', the period of most severe drought in tropical Africa during historical times [Thompson et al., 2002] . Oxygen isotope and pollen records from Lake Miragoane, Haiti indicate that the lake filled with water in the early Holocene and remained high until the development of arid conditions $3,400 cal yrs. B.P. [Hodell et al., 1991; Higuera-Gundy et al., 1999] .
[12] In contrast to the Caribbean region, the austral summer is the season of maximum precipitation in the southern tropics of South America, including the Altiplano where $75% of the annual precipitation falls between December and March [Thompson et al., 2002] . During austral summer, water vapor derived from the tropical Atlantic Ocean is advected across the Amazon Basin to a center of deep convection east of the Altiplano [Zhou and Lau, 1998; Figure 1] . Precipitation on the northern Altiplano is highly correlated with water levels in Lake Titicaca [Baker et al., 2001 ]. An increase in lake level began at about 4,500 cal yrs. B.P. and this increase in precipitation allowed humans to reoccupy the Altiplano after an absence of nearly 5,000 years due to dry conditions [Nunez et al., 2002] . A detailed lake level curve for Lake Titicaca shows that high stands also occurred at 3,500 -3,200, 2,800 -2,500, 2,200 -2,000 and 500-0 cal yrs. B.P. [Abbott et al., 1997] . These periods of increased precipitation in the Altiplano coincide with cooler, drier conditions in the Caribbean, as indicated by our d 18 O records.
[13] Maslin and Burns [2000] reconstructed Amazon River outflow history for the past 14,000 years in order to calculate a moisture budget for the drainage basin. The inferred discharge history is similar to the climate record of Lake Junin, Peru [Seltzer et al., 2000] . Both records show increasing moisture levels through the Holocene. This increase is coeval with the intensification of the Southern Hemisphere summer insolation at 10°S, which would lead to progressively enhanced convection, and thus greater penetration of Atlantic source air into the Amazon Basin resulting in increased precipitation [Maslin and Burns, 2000] . Seltzer et al. [2000] suggested that variations in the effective moisture at Lake Junin were due to changes in the mean position of the ITCZ and intensity of convection in the Amazon Basin.
[14] The synchronous changes observed in the oxygen isotope records from the Cariaco Basin, paleoclimate records from the Caribbean region, and precipitation records from the Altiplano of Bolivia/Peru and the Amazon Basin can best be explained as responses to movements of the ITCZ and its differential impact on precipitation in the northern and southern tropics. As postulated by Haug et al. [2001] , a southward shift of the ITCZ over the course of the Holocene may have resulted from changes in the seasonality of insolation associated with the 21-kyr precession cycle, with this seasonality increasing in the Southern Hemisphere and decreasing in the Northern Hemisphere during the last 5,000 years. This increased seasonality and southward displacement of the ITCZ combined with an intensification of the South American summer monsoon would have changed the moisture balance of the Caribbean region. A southerly shift in the ITCZ would result in decreased precipitation, increased trade wind intensity and more intense upwelling in the Cariaco Basin at the same time as the Altiplano and Amazon Basin regions were experiencing increased precipitation. In addition, the shift to a negative water balance in the Caribbean region in the mid-Holocene is coeval with the establishment of arid conditions in tropical Africa [deMenocal et al., 2000] .
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